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SPECIFICATION 

TITLE OF THE INVENTION 

LINEAR ACTUATOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is entitled to the benefit of and 

incorporates by reference essential subject matter disclosed in 
International Patent Application No. PCT/JP2004/019345 filed on 
December 24, 2004 and Japanese Patent Application No. 2003- 
428069 filed on December 24, 2003. 

TECHNICAL FIELD 
[0002] The present invention relates to a linear 

actuator, and particularly to an electric feed screw type 
linear actuator which is for example effectively utilized for 
vertically moving a bed-plate of a medical/care bed or 
inclining the bed-plate of a back or knee. 

BACKGROUND ART 
[0003] In a medical/care bed, to reduce burden of 

patient concerning food and sleep, a bed-plate of the bed is 
vertically moved or the bed-plate of the back or knee is 
inclined by an electric feed screw type linear actuator. 
[0004] There is a conventional linear actuator of this 

kind comprising a shaft having a male thread portion, a worm 
gear speed reducer which reduces the rotation of a motor and 
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transmits the rotation to the shaft, a female thread member 
(feeding nut) which is threadedly engaged with the male thread 
portion of the shaft and which moves forward and backward by 
the rotation of the shaft, a moving cylinder which is fixed to 
the female thread member and which moves forward and backward 
with respect to a housing, a brake plate which receives thrust 
at the time of rotation of the shaft for braking, and a one- 
way clutch which permits normal rotation of the shaft and 
prohibits reverse rotation of the shaft, wherein the moving 
cylinder vertically moves the bed-plate of the bed, or is 
connected to a link which inclines the bed-plate of the back 
or knee by means of a connecting tool (e.g., see patent 
document 1) . 

[0005] Patent Document 1: Japanese Patent Laid-open 

Publication No. 9-190225 

DISCLOSURE OF THE INVENTION 
[0006] A linear actuator used for a medical/care bed is 

generally provided with a position detection apparatus so that 
a user can arbitrarily set a position of the bed-plate when 
the bed-plate of the bed is vertically moved or when the bed- 
plate of the back or knee is inclined. When the position 
detection apparatus uses a potentiosensor which converts the 
rotation amount of the shaft to voltage value, the 
potentiosensor is associated with a pinion provided on a shaft 
by means of a gear speed reducer. 

[0007] When the linear actuator is assembled, aligning 
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operation of origin points between a moving cylinder and the 
potent iosensor is carried out in another step. Moving 
cylinder and the potent iosensor are adjusted to predetermined 
positions and voltage values and then, a driven gear of the 
potentiosensor is meshed with a pinion of the shaft through a 
reduction gear of a gear speed reducer such that the voltage 
value of the potentiosensor is not deviated. At that time, 
when a potentiosensor whose voltage value is adjusted to a 
predetermined value is to be assembled, there is an adverse 
possibility that the driven gear is rotated when the driven 
gear is meshed with the pinion, and there is a problem that 
the position precision must be inspected again after the 
assembling operation and the operability is inferior. 
[0008] An object of the present invention is to provide 

a linear actuator in which a position detection apparatus can 
precisely be assembled with excellent operability. 
[0009] A linear actuator according to the present 

invention comprises a shaft having a male thread portion, a 
worm gear speed reducer for reducing rotation of a motor in 
speed and transmitting the rotation to the shaft, a female 
thread member which is threadedly engaged with the male thread 
portion and which moves forward and backward by normal or 
reverse rotation of the shaft, a moving cylinder which is 
fixed to the female thread member and which moves forward and 
backward with respect to a housing, and a position detection 
apparatus which detects a position of the moving cylinder, 
wherein the position detection apparatus can adjust detection 
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of a position of the moving cylinder in the housing. 
[0010] According to the present invention, since the 

aligning operation of origin points between the moving 
cylinder and the position detection apparatus can be carried 
out by adjusting the positional relation between the moving 
cylinder and the position detection apparatus in the housing, 
it is possible to precisely assemble the position detection 
apparatus into the linear actuator with excellent operability. 
[0011] The position detection apparatus comprises a 

potentiosensor which converts the rotation amount of the shaft 
into a voltage value, and the position detection apparatus is 
movably provided on the housing. With this, the origin point 
of the moving cylinder and the origin point of the voltage 
value of the potentiosensor can precisely be matched with each 
other. Therefore, it is possible to enhance the detection 
precision of the rotation amount of the shaft of the 
potentiosensor . 

[0012] A driven gear is mounted on a sensor shaft of the 

potentiosensor, the driven gear is meshed with a pinion which 
rotates in unison with the shaft, and the potentiosensor can 
move in an axial direction of the moving cylinder or toward an 
axis of the moving cylinder. With this, since it is possible 
to prevent unnecessary rotation of each gear when the driven 
gear is meshed with the pinion, it is possible to assemble the 
various members precisely. 

[0013] The potentiosensor can slide in the axial 

direction of the moving cylinder or toward the axis of the 
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moving cylinder. With this, it is possible to mesh the driven 
gear with the pinion only by sliding the potent iosensor. 
Therefore, it is possible to easily assemble the 
potentiosensor to the linear actuator. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 is a front view showing an essential 

portion of a medical /care bed in which a linear actuator 
according to one embodiment of the invention is used, FIG. 1A 
shows a lying state and FIG. IB shows a tilt-up state; 
[0015] FIG. 2 is a plan view showing the linear actuator 

of one embodiment of the invention; 
[0016] FIG. 3 is a front view thereof; 

[0017] FIG. 4A is a sectional front view showing a 

mechanism section; 

[0018] FIG. 4B is a sectional front view showing a 

support section; 

[0019] FIG. 5A is a sectional view taken along the line 

a-a in FIG. 3, and FIG. 5B is a sectional view taken along the 
line b-b in FIG. 3; 

[0020] FIG. 6 is a sectional side view taken along the 

line VI-VI in FIG. 4A; 

[0021] FIG. 7 is a partially omitted sectional side view 

taken along the line VII-VII in FIG. 4A; 

[0022] FIG. 8 is an exploded perspective view of a 

potentiosensor disposition portion as viewed from the side of 
a motor mounting portion; 
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[0023] FIG. 9 is a front view of the potent iosensor 

disposition portion showing the assembling operation of the 
potentiosensor, and FIG. 9 shows the potentiosensor 
disposition portion before it is assembled; and 

[0024] FIG. 10 is a front view showing the 

potentiosensor disposition portion after it is assembled. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0025] One embodiment of the present invention will be 

explained 'with reference to the drawings. 

[0026] As shown in FIG. 1, a linear actuator according 

to the embodiment is for tilting up or lying a bed-plate of a 
back of a medical/care bed (bed, hereinafter) . That is, a 
housing 11 located on the side of a fixed end of the linear 
actuator 10 is rotatably supported around a pivot 3 by a frame 
2 of the bed 1. A tip end of a moving cylinder 36 located on 
the side of a free end of the linear actuator 10 is rotatably 
connected to a link 5 around a pivot 6. The link 5 is for 
tilting up and lying a bed-plate 4 of the back (bed-plate, 
hereinafter) . In a state in which the moving cylinder 36 of 
the linear actuator 10 is shrunk, the bed-plate 4 is lying 
horizontally as shown in FIG. 1A, and if the moving cylinder 
36 of the linear actuator 10 is extended, the bed-plate 4 
tilts up as shown in FIG. IB. The bed 1 is not limited to the 
structure in which the bed-plate 4 tilts up by the extension 
of the moving cylinder 36 of the linear actuator 10. A link 
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mechanism may be constituted such that the bed-plate 4 tilts 
up by shrinking the moving cylinder 36 of the linear actuator 
10. 

[0027] As shown in FIGs. 2 and 3, the linear actuator 10 

includes the housing 11. As shown in FIG. 2, the housing 11 
is formed into a substantially cylindrical shape comprising a 
combination of a first divided piece (first shell, 
hereinafter) 12 and a second divided piece (second shell, 
hereinafter) 13. The combined first shell 12 and the second 
shell 13 can be divided into the two shells in the axial 
direction of the housing 11. The first shell 12 and the 
second shell 13 are made of resin and formed into 
substantially semi-cylindrical shape, and in a state in which 
the first shell 12 and the second shell 13 are butted against 
and assembled with each other, they are fastened by a 
fastening tool 14 (see FIG. 5) , and a metal band 16 is fit 
into a fitting portion 15 formed around an outer periphery of 
an opening. The metal band 16 can reliably prevent a tip end 
of the first shell 12 and a tip end of the second shell 13 
from opening in the radial direction. A cylindrically formed 
connecting tool 17 is inserted into and fixed to an end of the 
housing 11 opposite from the band 16 in a direction 
perpendicular to the axis of the cylinder. The connecting 
tool 17 is constituted such that the pivot 3 for rotatably 
supporting the linear actuator 10 by the frame 2 of the bed 1 
can horizontally be supported. 

[0028] As shown in FIGs. 4A and 4B, a support section 18 
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and a mechanism section 19 are formed between opposed surfaces 
of the butted first shell 12 and the second shell 13 of the 
housing 11. One end of a reinforcing cylinder 20 is supported 
by the support section 18 of the housing 11 such that the 
reinforcing cylinder 20 is sandwiched between the first shell 
12 and the second shell 13. The reinforcing cylinder 20 is 
made of iron that is one example of material having high 
mechanical strength and formed into a cylindrical pipe shape. 
One end of a support cylinder 21 is inserted into an inner 
periphery of the reinforcing cylinder 20 and supported therein. 
The support cylinder 21 is made of resin. An outer diameter 
of the support cylinder 21 is the same as an inner diameter of 
the reinforcing cylinder 20 and the support cylinder 21 is 
formed into a cylindrical pipe shape. The support cylinder 21 
is supported in a state in which an outer periphery of the 
support cylinder 21 is fitted into the inner periphery of the 
reinforcing cylinder 20 and the support cylinder 21 is 
reinforced by the reinforcing cylinder 20. The support 
section 18 of the housing 11 is conventionally formed with the 
support cylinder 21, but since the support cylinder 21 is 
reinforced by the reinforcing cylinder 20 , the length of the 
support section 18 can be shortened. Since the length of the 
support section 18 can be shortened, strength against deviated 
load of the housing 11 caused by a load from the bed-plate can 
relatively be enhanced. Further, the operability of the resin 
molding of the first shell 12 and the second shell 13 can be 
enhanced by reducing the housing 11 in size, deformation such 
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as warp can be corrected, and a seal region between opposed 
surfaces can be set narrow. 

[0029] As shown in FIGs. 4 and 5, a pair of detent 

members 22 for preventing the female thread member from 
rotating are provided on the inner peripheral surface of the 
support cylinder 21 over its substantially entire length. 
Each of the detent members 22 and 22 is formed into a thin and 
long keyway shape extending in the axial direction with 
constant width and constant height. The detent member 22 can 
be formed simultaneously at the time of resin molding of the 
support cylinder 21. Therefore, the detent members 22 and 22 
do not increase the manufacturing cost of the linear actuator. 
[0030] As shown in FIG. 4B, a flange 23 projects from an 

outer periphery of the tip end of the support cylinder 21. An 
end surface of the flange 23 on the side of the support 
section 18 is opposed to a tip end surface of the reinforcing 
cylinder 20. A cylindrical plug 24 is provided at its outer 
periphery with a flange. The plug 24 is fitted into a tip end 
opening of the support cylinder 21. A seal ring 25 is 
sandwiched between the abutted surfaces of the plug 24 and the 
flange 23. A seal ring 26 is sandwiched between sliding 
surfaces of an inner peripheral surface of the plug 24 and an 
outer peripheral surface of the moving cylinder 36. A 
fastening cap 27 is put on an outer side of the plug 24. The 
fastening cap 27 is engaged with the flange 23, thereby 
fastening the plug 24 and the seal rings 25 and 26 to the 
support cylinder 21. 
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[0031] A shaft 30 is supported on an axis of the support 

cylinder 21. A feeding male thread portion 31 is formed on an 
outer periphery of the shaft 30 corresponding to the support 
cylinder 21. A nut 33 as a female thread member is mounted on 
the male thread portion 31 such that the nut 33 can move 
forward and backward. A female thread portion 32 is 
threadedly engaged with the nut 33. A pair of detent members 
34 are formed in an outer periphery of an end of the nut 33 on 
the side of the mechanism section 19 in a recessed manner. 
Each detent member 34 is formed into a keyway shape. The 
detent members 34 and 34 are axially slidably fitted to the 
pair of detent members 22 and 22 of the inner peripheral 
surface of the support cylinder 21. Therefore, the nut 33 
slides on the support cylinder 21 in a state in which the nut 
33 is prevented from rotating by the detent members 22 and 34. 
Since the detent members 22 and 22 are made of resin together 
with the support cylinder 21, it is possible to prevent noise 
from being generated when the nut 33 slides with respect to 
the support cylinder 21. A connecting male thread portion 35a 
is formed on an outer peripheral surface of the nut 33. A 
connecting female thread portion 35b formed in the inner 
peripheral surface of one end of the moving cylinder 36 is 
threadedly engaged with the connecting male thread portion 35a 
of the nut 33. The moving cylinder 36 is formed into a 
cylindrical pipe shape longer than the support cylinder 21. A 
tip end of the moving cylinder 36 projects forward from the 
plug 24 mounted on the support cylinder 21. An intermediate 
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portion of the moving cylinder 36 is slidably supported by the 
plug 24. A space between the outer peripheral surface of the 
moving cylinder 36 and the inner peripheral surface of the 
plug 24 is sealed by the seal ring 26. 

[0032] A pair of long holes 37 and 37 are formed in an 

end of the moving cylinder 36 opposite from the nut 33 such as 
to extend in the axial direction at locations opposed to each 
other. The long holes 37 and 37 are for connecting the moving 
cylinder 36 to the link 5 of the bed 1. A connecting tool 38 
is slidably fitted into a tip end opening of the moving 
cylinder 36. The connecting tool 38 is a tool to connect a 
moving cylinder 36 with link 5. The connecting tool 38 is 
formed into a columnar shape having an outer diameter that is 
substantially equal to an inner diameter of the moving 
cylinder 36. A projecting end of the connecting tool 38 is 
formed with a flange 39 as a pressing portion that is formed 
into a columnar flange shape having an outer diameter that is 
substantially equal to the outer diameter of the moving 
cylinder 36 such that the flange 39 is opposed to a tip end 
surface that is a load receiving surface of the moving 
cylinder 36. A long hole 40 is radially formed in the fitting 
portion of the connecting tool 38 such as to extend in the 
axial direction. The long hole 4 0 is opposed to the long 
holes 37 and 37 of the moving cylinder 36. A seal ring 41 is 
fitted to a fitting side end of the connecting tool 38. The 
seal ring 41 seals a space between the outer peripheral 
surface of the connecting tool 38 and the inner peripheral 

11 

SUBSTITUTE SPECIFICATION 



surface of the moving cylinder 36. A tool insertion hole 42 
is formed on a center line of a projecting side end surface of 
the connecting tool 38 in the recessed manner. If the 
connecting tool 38 is rotated by a tool inserted into the tool 
insertion hole 42, the long hole 40 and the long holes 37 and 

37 of the moving cylinder 36 are aligned with each other. If 
the pivot 6 is inserted into the long holes 37 and 37 of the 
moving cylinder 36 and the long hole 40 of the connecting tool 

38 from outside, the moving cylinder 36 is connected to the 
link 5. When the moving cylinder 36 pushes up the bed-plate 4, 
an end surface of the flange 39 of the connecting tool 38 
pushes and comes into contact with the tip end surface of the 
moving cylinder 36. Therefore, even if the connecting tool 38 
is not threadedly engaged with the moving cylinder 36, the 
driving force can be transmitted to the bed-plate 4 . Even 
when the moving cylinder 36 is shrunk and the bed-plate 4 is 
moved downward, since a force for pressing the flange 39 and 
bring the same into contact with the tip end surface of the 
moving cylinder 36 is always applied to the long hole 40 of 

the connecting tool 38, the connecting tool 38 is not pulled 
out, and the driving force can be transmitted to the bed-plate 
4 similarly. 

[0033] As shown in FIGs. 4A, 5 and 6, a seal ring 

fitting groove 43 is formed in a mating surface of the first 
shell 12 in the recessed manner so as to surround the 
mechanism section 19. A seal ring 44 is fitted into the seal 
ring fitting groove 43. The seal ring 44 is formed into a 
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ring shape to surround the mechanism section 19. A portion of 
the seal ring 44 at a location corresponding to the support 
cylinder 21 is integrally formed with a circular ring-like 
support cylinder seal ring portion 45. The support cylinder 
seal ring portion 45 has an inner diameter that is equal to an 
outer diameter of the support cylinder 21. If the seal ring 
4 4 fitted into the seal ring fitting groove 43 is sandwiched 
between the first shell 12 and the second shell 13 in a state 
in which the support cylinder seal ring portion 45 is fitted 
over the outer periphery of the support cylinder 21, the seal 
ring 44 seals an inner space of the mechanism section 19 of 
the housing 11 from outside together with the support cylinder 
seal ring portion 45. By sealing only the mechanism section 
19 of the housing 11 that at least requires to be sealed, the 
precision of sealing can be enhanced, and it is possible to 
simplify the sealing structure of the seal ring fitting groove 
4 3, the seal ring 44 and the support cylinder seal ring 
portion 45, and the structures of the first shell 12 and the 
second shell 13. It is thus possible to enhance the sealing 
performance of the linear actuator 10, and to reduce the 
manufacturing cost of the entire linear actuator 10. 
[0034] As shown in FIGs. 2 and 6, a motor mounting 

portion 46 is integrally formed with the housing. The motor 
mounting portion 4 6 projects from an intermediate portion of 
the mechanism section 19 of the first shell 12 in a direction 
opposite from the mating surface. A motor 47 is mounted on 
the motor mounting portion 46 such that a center line of the 
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motor 47 is perpendicular to the mating surfaces of the first 
shell 12 and the second shell 13. That is, the housing 48 of 
the motor 47 is inserted into the motor mounting portion 4 6 
from the opposite side from the mating surface and is fastened 
to the first shell 12 by means of a screw or the like. A 
brush holder 49 closes an opening of the motor housing 48. A 
terminal 50 is provided on- the brush holder 49 in a direction 
perpendicular to the mating surfaces of the first shell 12 and 
the second shell 13. The terminal 50 includes a holder 51 
made of insulative resin, and a plurality of terminal plates 
52 held by the holder 51 . The holder 51 is fixed to the brush 
holder 4 9. On the other hand, a female coupler portion 53 
integrally projects from a portion of the second shell 13 
opposed to the terminal 50 in a direction opposite from the 
mating surface. The terminal 50 is fitted into the female 
coupler portion 53 and is exposed. Since the terminal 50 is 
exposed in the female coupler portion 53 in this manner, the 
linear actuator 10 is integrally provided with a direct 
coupler 54. The direct coupler 54 can be assembled by butting 
the first shell 12 and the second shell 13 against each other. 
Therefore, the number of parts and the number of assembling 
steps of the entire linear actuator can be reduced, and the 
manufacturing costs of the linear actuator can also be reduced. 
[0035] As shown in FIG. 6, the rotation shaft 55 of the 

motor 47 is inserted into the mechanism section 19 of the 
housing 11. The rotation shaft 55 is supported at its 
opposite sides by a first bearing 56 disposed in the first 
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shell 12 and a second bearing 57 disposed in the second shell 
13. A worm 58 is formed between the first bearing 56 and the 
second bearing 57 on the outer periphery of the rotation shaft 
55. The worm 58 is meshed with a worm wheel 59 supported by 
the shaft 30. As shown in FIGs. 6 and 4A, the worm wheel 59 
is spline coupled to a portion of the shaft 30 adjacent to the 
male thread portion 31 such that the worm wheel 59 can slide 
in the axial direction and rotate in unison. That is, female 
splines 60a are provided in the inner peripheral surface of a 
shaft hole of the worm wheel 59, and male splines 60b are 
provided on the outer peripheral surface of the shaft 30 at 
location adjacent to the male thread portion 31. The female 
splines 60a and the male splines 60b are spline coupled to 
each other. By coupling the worm wheel 59 with the shaft 30 
such that the worm wheel 59 can slide in the axial direction 
and rotate in unison with the shaft 30, it is possible to 
prevent a load (force) in the axial direction (thrust 
direction) applied to the shaft 30 from being transmitted to 
the worm wheel 59. 

[0036] As shown in FIG. 4A, a- bearing disposition 

portion 61 is formed in a location of the mechanism section 19 
of the housing 11 closer to the connecting tool 17 than the 
worm wheel 59 of the shaft 30. A deep groove ball bearing 62 
is disposed in the bearing disposition portion 61. The shaft 
30 is rotatably supported by the deep groove ball bearing 62. 
The size of the deep groove ball bearing 62 is set great so 
that the deep groove ball bearing 62 can support not only a 
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radial load of the shaft 30 but also a thrust load of the 
shaft 30. The bearing disposition portion 61 allows the outer 
peripheral surface of the outer lace of the deep groove ball 
bearing 62 to slide. The radial rolling bearing which 
rotatably supports the shaft 30 comprises the large deep 
groove ball bearing ball bearing 62 and the bearing can slide 
with the outer peripheral surface in this manner. With this, 
a thrust bearing which supports the thrust load of the shaft 
30 can be omitted. Therefore, the structure of the linear 
actuator 10 can be simplified and manufacturing cost thereof 
can be reduced. 

[0037] A portion of the housing 11 that is adjacent to 

the bearing disposition portion 61 is formed with a one-way 
clutch disposition portion 63 which is continuous with the 
bearing disposition portion 61. A one-way clutch 64 is 
disposed in the one-way clutch disposition portion 63. The 
one-way clutch 64 includes a bottomed cylindrical clutch case 
65, and a plurality of rollers 66 accommodated in the clutch 
case 65 such that the rollers 66 turnably abut against the 
outer peripheral surface of the shaft 30. The rollers 66 mesh 
with an inner peripheral surface of the clutch case 65 and the 
outer peripheral surface of the shaft 30 in the cuneus form, 
thereby connecting the clutch case 65 and the shaft 30 with 
each other when the shaft 30 rotates in one direction. The 
clutch case 65 of the one-way clutch 64 is in contact only 
with the outer lace of the deep groove ball bearing ball 
bearing 62. A portion of the housing 11 that is adjacent to 

16 

SUBSTITUTE SPECIFICATION 



the one-way clutch disposition portion 63 is formed with a 
brake plate disposition portion 67. A base plate 68A, a brake 
plate 68B and a brake washer 68C are disposed on the brake 
plate disposition portion 67 in this order from the connecting 
tool 17. The base plate 68A is formed into a substantially 
circular ring-shape, and a pair of engaging portions 
projecting from its outer periphery are engaged with the brake 
plate disposition portion 67 so that the brake plate 
disposition portion 67 prevents the base plate 68A from 
rotating. The brake plate 68B is formed into a substantially 
circular ring-shape whose diameter is smaller than that of the 
base plate 68A. A plurality of engaging projections 
projecting from a main surface of the brake plate on the side 
of the base plate are engaged with engaging recesses of the 
base plate 68A so that the base plate 68A, i.e., the brake 
plate disposition portion 67 prevents rotation thereof. The 
brake washer 68C is formed into a substantially octagonal flat 
plate shape provided at its center with a shaft insertion hole. 
The brake washer 68C is fitted into an accommodation hole 
formed in a main surface of the clutch case 65 of the one-way 
clutch 64 on the side of the brake plate so that the clutch 
case 65 prevents the brake washer 68C from rotating. 
Therefore, the mating surfaces of the brake plate 68B and the 
brake washer 68C constitute a braking surface. 
[0038] As shown in FIGs. 4A and 7, a potentiosensor 

disposition portion 69 is formed on one side of the mechanism 
section 19 of the housing 11 on the opposite side from the 
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bearing disposition portion 61 of the worm 58. A 
potentiosensor 70 is disposed in the potentiosensor 
disposition portion 69 in parallel to the shaft 30. A sensor 
shaft 71 of the potentiosensor 70 is opposed to the worm 58. 
A driven gear 72 is fixed to the sensor shaft 71 so that the 
driven gear 72 rotates in unison with the sensor shaft 71. A 
reduction gear shaft 73 is supported in the potentiosensor 70 
of the mechanism section 19 of the housing 11 on the side of 
the shaft 30 in parallel to the potentiosensor 70. A large- 
diameter reduction gear 74 and a small-diameter reduction gear 
75 are rotatably supported by the reduction gear shaft 73. 
The large-diameter reduction gear 74 and the small-diameter 
reduction gear 75 rotate in unison with each other. The 
driven gear 72 is meshed with the small-diameter reduction 
gear 75. A pinion 7 6 which rotates in unison with the shaft 
30 is meshed with the large-diameter reduction gear 74. The 
pinion 7 6 is disposed and integrally formed coaxially with the 
worm wheel 59, and is spline coupled to the shaft 30. 
Therefore, the rotation of the shaft 30 is transmitted to the 
sensor shaft 71 through the pinion 76, the large-diameter 
reduction gear 74, the small-diameter reduction gear 75 and 
the driven gear 72. The potentiosensor 70 converts the 
rotation amount of the sensor shaft 71 into a rectilinear 
motion, and converts into a voltage value. 

[0039] Next, operation and effect will be explained. 

[0040] The linear actuator 10 is assembled into the bed 

1 in advance as shown in FIG. 1. That is, the pivot 3 is 
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inserted through the frame 2 of the bed 1 and through the 
connecting tool 17 of the linear actuator 10. With this, the 
linear actuator 10 is rotatably supported by the frame 2 of 
the bed 1 by the pivot 3. And the pivot 6 on the side of the 
bed-plate 4 is inserted through the connecting tool 38 of the 
linear actuator 10 on the side of the moving cylinder 36. 
With this, the linear actuator 10 is rotatably connected to 
the bed-plate 4 by the pivot 6. At that time, the distance 
error between the frame 2 and the link 5 can be absorbed by 
the long holes 37 and 37 formed in the moving cylinder 36 and 
the long hole 40 formed in the connecting tool 38. Therefore, 
the pivot 3 and the pivot 6 can easily be inserted through the 
connecting tool 17 and the connecting tool 38. 
[0041] After the linear actuator 10 is assembled into 

the bed 1, if an operator pushes an operation button of a 
normal rotation side to tilt up the bed-plate 4, the motor 47 
is rotated in the normal direction from the state shown in FIG. 
1A, and the driving force of the rotation shaft 55 is 
transmitted to the shaft 30 through the worm 58 and the worm 
wheel 59. At the time of the normal rotation, since the 
connection between the one-way clutch 64 and the shaft 30 is 
released, only the shaft 30 normally rotates. At that time, 
no braking force is generated between the brake washer 68C 
which are fixed to the one-way clutch 64 and the brake plate 
68B. If the shaft 30 is normally rotated by the motor 47, the 
nut 33 moves forward along the support cylinder 21. Therefore, 
the moving cylinder 36 connected to the nut 33 is pushed out 
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from the support cylinder 21. At that time, the nut 33 slides 
along the resin detent member 22 of the support cylinder 21. 
At that time, since the detent member 22 is made of resin, it 
is possible to prevent noise from being generated. The detent 
mechanism is for avoiding a case in which the moving cylinder 
36 adversely rotates when the linear actuator 10 is not 
mounted on the bed 1 and a positional relation between the 
potentiosensor 70 and the moving cylinder 36 is deviated. If 
the linear actuator 10 is mounted on the bed 1, since the 
moving cylinder 36 is fixed to the bed 1, the detent mechanism 
is unnecessary. 

[0042] If the moving cylinder 36 moves forward, the bed- 

plate 4 of the bed 1 connected to the connecting tool 37 of 
the moving cylinder 36 is tilted up as shown in FIG. IB. At 
that time, since appropriate idling period exists between the 
long holes 37 and 37 formed in the moving cylinder 36, the 
long hole 4 0 formed in the connecting tool 38 and the pivot 6, 
it is possible to avoid a sense of disharmony that the bed- 
plate 4 immediately starts rising when the motor 4 7 starts in 
the lower limit position of the bed-plate 4. 

[0043] The normal rotation of the shaft 30 is reduced in 

speed and transmitted to the sensor shaft 71 through the 
pinion 76, the large-diameter reduction gear 74, the small- 
diameter reduction gear 75 and the driven gear 72. The number 
of revolution of the sensor shaft 71 is converted into the 
voltage value by the potentiosensor 70 and is sent to a 
controller (not shown) which controls operation of the bed 1. 
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If potent io voltage corresponding to a predetermined upper 
limit position is detected, the controller automatically stops 
the motor 47. Here, the pinion 76, the large-diameter 
reduction gear 74, the small-diameter reduction gear 75, the 
driven gear 72 and the potentiosensor 70 are disposed in the 
vicinity of the worm wheel 59 and the deep groove ball bearing 
ball bearing 62 and the pinion 7 6 is spline couple to the 
shaft 30. Therefore, it is possible to restrain the 
potentiosensor 70 from receiving influence of swinging motion 
of the shaft 30. Therefore, the potentiosensor 70 can 
precisely detect the rotation amount of the shaft 30, i.e., 
the stroke amount of the moving cylinder 36, while ensuring a 
meshing accuracy. 

[0044] If the operation of the motor 47 is stopped, load 

(weight of a patient or the like) acting on the bed-plate 4 of 
the bed 1 is applied to the nut 33 through the moving cylinder 
36 as a force in a direction retracting the nut 33. Therefore, 
a load-side reverse rotation application force which tries to 
reversely rotate from the moving cylinder 36, i.e., from the 
load side is applied to the shaft 30 by the operation of 
female thread portion 32 of the nut 33 and the feeding male 
thread portion 31 of the shaft 30. Since this load-side 
reverse rotation application force acts to connect the clutch 
case 65 and the shaft 30 to each other, braking surfaces are 
formed by the mating surfaces of the brake washer 68C which is 
prevented from rotating by the bottom surface of the clutch 
case 65 of the one-way clutch 64 and the brake plate 68B which 
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is prevented from rotating by the base plate 68A fixed to the 
housing 11 , and the shaft 30 is prevented from rotating 
reversely. Therefore, the linear actuator 10 can be supported 
in a state in which the load of the bed-plate 4 is lifted. 
[0045] Thereafter, if the operator pushes an operation 

button of a reverse rotation side to tilt down the bed-plate 4 
and the motor 47 is reversely rotated, the reverse rotation 
driving force of the rotation shaft 55 is transmitted to the 
shaft 30 through the worm 58 and the worm wheel 59. If the 
shaft 30 is reversely rotated by the motor 47, the nut 33 is 
moved backward along the support cylinder 21. Therefore, the 
moving cylinder 36 connected to the nut 33 is pulled into the 
support cylinder 21. The bed-plate 4 of the bed 1 connected 
to the connecting tool 37 of the moving cylinder 36 is tiled 
down by the backward motion of the moving cylinder 36. 
[0046] At that time, since the shaft 30 is reversely 

rotated, the one-way clutch 64 is meshed with the shaft 30, 
but since the braking force between the brake plate 68B and 
the brake washer 68C is set smaller than the driving force 
with respect to the shaft 30 of the motor 47, the one-way 
clutch 64 idles with respect to the housing 11, and this 
allows the shaft 30 to reversely rotate with respect to the 
housing 11. That is, if the shaft 30 reversely rotates with 
respect to the housing 11, the nut 33 moves backward along the 
support cylinder 21 and thus, the moving cylinder 36 connected 
to the nut 33 is pulled into the support cylinder 21, and the 
bed-plate 4 of the bed 1 connected to the connecting tool 37 
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of the moving cylinder 36 is tilted down. 

[0047] The reverse rotation of the shaft 30 is reduced 

in speed and transmitted to the sensor shaft 71 through the 
pinion 76, the large-diameter reduction gear 74, the small- 
diameter reduction gear 75 and the driven gear 72. The number 
of revolution of the sensor shaft 71 is converted into the 
voltage value by the potentiosensor 70 and is sent to a 
controller (not shown) which controls operation of the bed 1. 
If potent io voltage corresponding to a predetermined lower 
limit position is detected, the controller automatically stops 
the motor 47. 

[0048] If the operation of the motor 47 is stopped, the 

load (weight of a patient or the like) of the bed-plate 4 is 
mechanically supported by the frame 2 of the bed 1, a force 
for retreating the nut 33 is not applied to the moving 
cylinder 36 and thus, the load-side reverse rotation 
application force is not applied to the shaft 30. Even if the 
load-side reverse rotation application force is always applied 
to the shaft 30 in a state in which the bed-plate 4 is tilted 
down, the reverse rotation of the shaft 30 is prevented by the 
above-described effect. 

[0049] As described above, if the potentiosensor 70 

detects potentio voltage values respectively corresponding to 
the upper limit position and the lower limit position of the 
moving cylinder 36, the motor 47 is automatically stopped. 
Therefore, it is necessary, to precisely match the origin 
voltage value of the potentiosensor 70 and the origin position 
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of the moving cylinder 36 with each other. Hence, in this 
embodiment, origin points of the potentiosensor 70 and the 
moving cylinder 36 are aligned with each other in accordance 
with the procedure shown in FIGs. 8 to 10. FIG. 8 is an 
exploded perspective view of the potentiosensor disposition 
portion 69 as viewed from the motor mounting portion 46 in a 
state before the potentiosensor disposition portion 69 is 
assembled, and this state corresponds to laterally reversed 
FIGs. 9 and 10. 

[0050] As shown in FIG. 8, the driven gear 72 is mounted 

on the sensor shaft of the potentiosensor 70, and integral 
large-diameter reduction gear 74 and small-diameter reduction 
gear 75 are mounted on the reduction gear shaft 73 of a 
potentio stay 77. A potentiosensor signal coupler (not shown) 
is connected to the potentiosensor 70. The potentiosensor 70 
is accommodated in a holding recess 78 of the potentio stay 77. 
[0051] As shown in FIG. 9, the potentiosensor 70 on 

which the driven gear 72 is mounted and the potentio stay 77 
on which the reduction gear is mounted are assembled to the 
first shell 12 whose moving cylinder 36 is previously aligned 
to the origin position. At that time, a guide pin 79 of the 
potentio stay 77 is slidably fitted into a guide groove 80 
formed in the first shell 12 in a direction parallel to the 
shaft 30, and the potentio stay 77 is brought into a position 
away from the worm wheel 59 as a whole. In this state, the 
large-diameter reduction gear 74 is not meshed with the pinion 
76. In this state, the potentiosensor 70 is adjusted to a 
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predetermined origin voltage value by rotating the driven gear 
72. 

[0052] Next, if the potentio stay 77 slides from the 

direction of the moving cylinder 36 toward the worm wheel 59, 
the large-diameter reduction gear 74 is meshed with the pinion 
7 6 as shown in FIG. 10. At that time, since the guide pin 7 9 
is guided by the guide groove 80, the large-diameter reduction 
gear 74 can straightly be meshed with the pinion 7 6 without 
rotating. Thereafter, a screw 82 is inserted into a mounting 
hole 81 of the potentio stay 77, the screw 82 is threadedly 
inserted into a screw hole 83 formed in the first shell 12, 
and the potentio stay 77 is fixed to the first shell 12. 
[0053] According to the embodiment, the positioning 

operation of the moving cylinder 36 and the voltage value 
adjusting operation of the potent iosensor 70 can continuously 
be carried out on the first shell 12. Therefore, the 
rotational deviation of the sensor shaft 71 when the 
potentiosensor 70 is meshed with the pinion 76 can be 
prevented, and the origin alignment precision can be enhanced. 
As a result, detection precision of the rotation amount of the 
shaft of the potentiosensor, i.e., detection precision of the 
stroke amount of the moving cylinder 36 can be enhanced. Thus, 
tilting up and down control performance of the bed-plate 4 of 
the linear actuator 10 can be enhanced. 

[0054] The present invention is not limited to the 

embodiment, and of course the invention can variously be 
modified within a range not departing from its subject matter. 
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[0055] Although the linear actuator is used for the 

medical /care bed in the embodiment , the actuator of the 
invention is not limited to this, and the actuator can also 
applied to electrical equipment of an automobile or the like 

INDUSTRIAL APPLICABILITY 
[0056] The present invention can be utilized for 

enhancing the assembling operability of a linear actuator 
having a position detection apparatus. 
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